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ABSTRACT 

In the two decades since the end of World War II, a large number of 

rocket launches have been conducted to measure electron density in the 

ionosphere. Although each single measurement has its own interesting 

features, more can be learned by comparing them to one another.  This 

procedure is usually difficult because they are scattered through the 

literature and generally plotted on incompatible scales.  This report 

presents a group of 35 such measurements which are taken from the lit- 

erature and transferred to a standardized graphical format that permits 

direct comparisons between data.  The curves are grouped according to 

the gross experimental conditions at the time of the rocket flight, that 

is, day or night, summer or winter, active or quiet sun. 
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I.  INTRODUCTION 

For the past two and a half years, the author has been engaged in 

digital computation of radio raypaths in the ionosphere.  In such work, 

the accuracy required of mathematics and computer programming depends on 

the accur; ;y with which the ionosphere can be represented by a model. 

If an unr( ilistic electron-density profile is selected for computation, 

the result-.; are often useless and sometimes misleading.  Consequently, 

a literature search was conducted to gather a large amount of data con- 

cerning tho  electron-density distribution in the ionosphere, with par- 

ticular orjha^is on those measurements acquired by rocket sounding.  When 

these dai- were all transferred to standardized graphical format, the 

conparisoi s proved to be of such wide interest and usefulness that it was 

dc.vded i.- present them in this report. 

''a literature, altitudes are measured in kilometers, kilofeet, 

jiaiaici!   iles, and statute miles.  This is unfortunate, but at least the 

majority of.   the altitude axes are linear scales.  The electron-density 

axes in ehe literature are labeled in a large variety of ways, the most 

.-..•' ion of .vhich incorporate either linear or logarithmic scales.  Some 

dat. are presented on a rather strange logarithmic scale which begins 

at zero I  In such cases, data points which lie along the questionable 

scale are not reproduced in this paper.  Sometimes the electron density 

was presented in terms of plasma frequency.  The particular choice of 

the vertical- and the horizontal-axis scales seemed to depend on the 

identity   the contracting agency and the nature of the rocket instru- 

mentition.  This situation makes it very difficult for the casual reader 

to compare the electron-density profiles derived by two or more different 

authors, and therein lies the key to the usefulness of this project. 

One note of caution:  some scatter between data points is a natural 

consequence of the measurement techniques which are used.  Thus, during 

the flight of a rocket, successive readings may be taken which differ 

from one another because of some form of instrumental error.  This is 

unfortunate because the detailed manner in which the electron density 

varies during the rocket flight is one of the most interesting results 
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that could be obtained.  Yet, not many authors give a clear indication 

as to how much confidence can be placed in the small details along the 

curve of the data.  Some authors avoid the question entirely by simply 

presenting all of the data points and letting the reader decide for 

himself jusL where the electron-density curve must lie. 

For this study, some smoothing of curves was arbitrarily carried 

out when it appeared that the data from the literature contained a good 

deal of scatter due to instrumental error.  The reader who is interested 

in electron-density variations within a small height increment (e.g., 

3 to 5 km) would be well advised to consult the original papers to learn 

the degree of confidence which may be placed in details. 

The literature search which produced these curves was by no means 

complete, and, in fact, the most recent data included here was taken in 

1962.  However, the search was carried on until it was found that most 

curves referenced in new papers had already been located in a previous 

refereance.  Thus, it is probably safe to estimate that this report con- 

tains half of all the data available in the literature by the end of 1962. 

Since each curve is valuable in its own right, it is common for 

several authors to present the same data. An attempt has been made to 

credit the original author on each of these curves and if errors exist, 

apologies are extended to the parties involved. 
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II.     PRESENTATION OF DENSITY MEASUREMENTS 

In  this  section all  the data are presented,   grouped according  to 

the  time of day,   the season,   and   the  sun's  activity.     The sun was judged 

to be either active or quiet  according to  the date of occurrence in  the 

sunspot  cycle which was determined  from Ref.   1.     Daytime was arbitrarily 

defined  to be  the hours between 0600  and  1800,   local  time.     Similarly, 

summer was judged  to  exist during  all  the months  between and including 

April  and September.     In order  to  fill  in  the    D    region,  only a single 

reference was used,   and this particular data is  intended to serve only 

as  a general  guide  and not as a definitive study. 

Since groups of  curves have been formed  according to three binary 

criteria,   there  should be    (2    = 8)     groups.     However,  only six groups 

are  actually given here because  there were very few rocket soundings 

found during  "quiet  sun,   summer nighttime" or during  "active sun,  winter 

nighttime."    The  records that did  fall  into  these two categories have 

been  included  in other groups where  they might logically fall with the 

exercise of  a little flexibility  in  the definitions of  the criteria. 

The six groups,   and  the corresponding figure  that  illustrates each 

group,   are listed  below.     Each figure shows  all  the curves which were 

found  for the rocket  launches,   grouped by the sun's  activity,   the season, 

and  the time of day respectively.     In addition,   each figure contains  the 

source from which the curves were obtained  and other pertinent  information. 

Figure 
Group Number 

Quiet sun,  winter daytime 1 

Quiet  sun,   summer daytime 2 

Quiet  sun,  winter nighttime 3 

Active sun,  winter daytime 4 

Active sun,   summer daytime 5 

Active sun,   summer nighttime 6 
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